Nineteen bottled water products were purchased from stores in Potsdam and Wappingers Falls, New York and analyzed for 71 inorganic elements by inductively coupled plasma -mass spectrometry (ICP-MS). The wide range in elemental concentrations observed suggests considerable variation in source water composition, processing, and treatment. Comparison with samples from a typical small municipal water system (Potsdam, New York) was made to evaluate the differences between bottled and municipal water and in many cases little difference is apparent. With the exception of one sample of tonic water and one mineral water, all bottled waters tested meet United States Environmental Protection Agency (USEPA) primary standards for drinking water supplies. Ingestion of some of the waters could provide significant percentages of the reference daily intakes (RDI) of key trace elements. Knowledge of the inorganic chemistry of bottled water can help consumers select the brands best suited to their individual health needs or preferences.
The average adult consumes the equivalent of approximately four litres of water a day, thus drinking water is a potential exposure pathway for a variety of inorganic contaminants. Mineralized water can also provide a considerable amount of required nutrients such as calcium and magnesium, along with numerous other elements, generally in trace concentrations, whose effects on human health are inadequately understood or unknown. It is also widely understood that drinking large quantities of distilled or deionized water is potentially harmful in certain circumstances if critical nutrients are lost and not replaced. Ideally, consumers of bottled water should use information on inorganic chemistry in their selection of bottled water products. A third goal of this study was to provide a guide to the brands tested based on both positive and negative characteristics, recognizing that the appropriate selection of a bottled water product may vary based on personal health circumstances.
MATERIALS AND METHODS
Nineteen different brands of commercial bottled water, including tonic water, mineral water, and distilled water, were purchased at various stores in Potsdam and Wappingers Falls, New York and represent the range of "water" products sold for personal consumption. Samples of Potsdam municipal water were collected from several water fountains on the State University of New York's Potsdam campus. A small aliquot of water was poured into pre-cleaned glassware to measure physical parameters. A Horiba model #U10 Multimeter was used for measurements of pH, salinity, and conductivity. Dissolved oxygen was measured using an YSI model 55 probe. Samples were then poured from the original commercial container (glass or plastic) into 125 ml sterile bottles (Wheaton Cleanpak w Precleaned Sample Containers). Samples were immediately shipped for ICP-MS (Inductively Coupled Plasma Mass Spectrometry) analysis to ACME Analytical Laboratories LTD in Vancouver, British
Columbia. Each sample was tested for 71 inorganic elements.
Major elements (K, Na, Ca, Mg, Fe, and Si) had detection limits of 5 -20 mg/L, depending on the element, while trace elements detection limits were generally substantially lower (ng/L). Chlorine and sulfur had detection limits of 1 mg/L (see online supplementary data file available at: http://www.
iwaponline.com/jwh/006/0064.xls).
Several quality assurance steps were taken to insure the integrity of the data obtained. Bottled water samples were spiked with 5 mg of 1,000 mg/ml beryllium standard in 2% HNO 3 for use as an internal standard and to check recovery. Samples of municipal water were not spiked with beryllium. One sample container was shipped empty and filled at the laboratory with reagent grade water. This sample served as a method blank to monitor the cleanliness of the laboratory environmental and various sample processing procedures. Three sets of duplicate samples were analyzed to check precision and a standard wastewater (B2) was run with the samples to determine the accuracy of the analyses.
RESULTS AND DISCUSSION

Quality control and generalized chemical parameters
Based on the quality control samples analyzed the concentrations measured in this study were both accurate and precise.
Beryllium recoveries from our samples averaged 87% of what was added (41.6 mg/L). In the method blank, only Ba, Ni, S, Sr, Si, and Zn were detected at concentrations slightly above their respective detection limits, and except for Ni, they were generally ,100 £ less than that found in most water samples. Zinc concentrations were also high but variable. This, and the local differences noted in water quality, is probably due to the age and condition of plumbing that the water travels through and residence time in the water fountains prior to use.
Samples from campus have between 10 -12 ppm Cl and 9 -11 ppm S. This is in agreement with antidotal reports that the water, at times, tastes chlorinated and gives off a slight sulfur smell impacting its aesthetic qualities.
What is in bottled water and where did it come from?
Bottled water can be derived directly from aquifers, springs, water (Olson 1999 ) is filled directly from municipal systems, likely at immense profits. In many instances the water chemistry has been modified by a number of different processes prior to bottling (e.g. filtration, distillation, reverse osmosis, etc). It is also possible that certain elements (e.g. calcium, sodium, chlorine) are introduced during preparation, handling, disinfection, and/or even from the containers themselves, as has been found for antimony (Shotyk & Krachler 2007) . But in general, the inorganic chemistry of water is strongly influenced by the geologic materials it is derived from. Even rainwater contains small concentrations of dissolved inorganic elements, and energy must be expended to remove them from more concentrated ground and surface waters to provide distilled or "purified"
water.
The bottled waters in this study had between 11 -50 detectable elements out of the 71 analyzed (see supplementary data). Virtually every sample contained detectable quantities of Ca, Na, Rb, Si, and Sr. More than half also contained Al, Ba, Br, Cl, Cu, K, Li, Mg, Mo, S, and Sb.
Certain elements, generally relatively rare and highly insoluble (Bi, Dy, Eu, Ho, Lu, Os, Pb, Pt, Sm, Ta, Tb, and Tm), were not detected in any of the bottled water samples. In all, two exceedences of primary (chromium) and twelve of secondary (11 -pH, 1 -TDS) MCLs were noted in this study. In general, the waters analyzed were fit for drinking purposes in contrast to an earlier study of bottled waters in Atlanta. Ikem et al. (2002) found that about 20% of the bottled waters they analyzed contained arsenic above 10 mg/L and several waters exceeded USEPA MCLs for mercury and uranium.
Is the consumption of bottled water preferable to municipal water in terms of its inorganic chemistry?
Potsdam, New York draws its potable water from the Raquette River which drains a sparsely populated and forested area of the Adirondack Mountains. In general, the river water is of high quality but dark in appearance, because of natural tannin and other dissolved organic compounds. Particulates and dissolved organic compounds are removed from river water using alum as a flocculent and treated with chlorine prior to distribution. Sampling of water from the municipal facility over the past several years has shown that the water chemistry is fairly consistent (Figure 1) and of good quality (Chiarenzelli et al. 2007) .
The data table and summary provided (see supplementary data and Table 1 What criteria should be considered when selecting a bottled water product?
Obvious factors to consider when selecting a bottled water product for personal consumption include cost, source (which can often be incorrectly inferred from advertising, packing, and brand name), taste, odor, clarity, salinity, and other aesthetic factors. A less obvious factor which cannot often be readily sensed is the chemistry of the water. In this study all drinking water products randomly selected and analyzed at a single point in time, with the exception of tonic water and one mineral water (Table 2) , met USEPA primary maximum contaminant levels for heavy metals and radionuclides (c.f. Misund et al. 1999; Ikem et al. 2002) . Only one bottled water product exceeded recommended guidelines for total dissolved solids. Since the waters sampled by this survey were selected from the grocery isle at random, one might infer that there is relatively little concern in regards to heavy metals and radionuclides in the water 
CONCLUSIONS
The data presented in this study suggest that the commer- 
